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ABSTRACT  
Objective  
Projections of future trends in the burden of disability could be guided by models linking 
disability to life expectancy, such as the dynamic equilibrium theory. This paper tests the key 
assumption of this theory that severe disability is associated to proximity to death whereas mild 
disability is not.  
 
Study Design and Setting 
Using data from the GLOBE study, the association of three levels of self-reported ADL 
disability with age and proximity to death was studied using logistic regression models. These 
regression estimates were used to estimate the number of life years with disability for life spans 
of 75 and 85 years.   
 
Results 
The prevalence of disability incrementally increased with approaching death with 12 percent per 
year for moderate disability to 19 percent for severe disability. However, no association was 
observed for mild disability. A ten year increase of lifespan was estimated to result in a 
substantial expansion of mild disability (4.6 years) compared to a small expansion of moderate 
(0.7 years) and severe (0.9 years) disability.  
 
Conclusion  
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These findings support the theory of a dynamic equilibrium. Projections of the future burden of 
disability could be substantially improved by connecting to this theory and incorporating 
information on proximity to death.  
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INTRODUCTION  
The coming decades, the human life expectancy is likely to further increase [1, 2]. The issue 
whether this increase of life expectancy will correlate with either compression of disability [3] or 
expansion of disability [4, 5] has been subject of debate ever since the publication of Fries’ 
seminal paper on compression of morbidity [3].  A more definitive answer is urgently needed to 
prepare future health care systems to cope with the health effects of ageing of the population.   
 
Aiming at insight in whether the total burden of disability can be expected to increase or is more 
likely to decrease in the future, projection methods have been applied that were based on past 
trends of disability [6, 7]. Unfortunately, application of these methods involved some difficulties. 
Past trends of disability were often not unambiguously pointing towards one direction and 
therefore constituted a weak basis for projections [6, 8]. Furthermore, studies do not present 
univocal methods to extrapolate trends, as it is not clear to what extent past trends will keep pace 
in the future  [6, 7]. And, as far as we know, the association of increasing life expectancy and 
trends in disability have not been investigated explicitly.  
 
The extent to which gained life years will be spent in disability will greatly be determined by the 
relative part of disability in the population that is specifically related to end of life processes and 
will therefore shift to older ages as life expectancy increases. Assuming that most severe 
disability is reserved to the end of life [9-11] but that mild disability mostly occurs independent 
to the end of life processes, it is to be expected that with increase of life expectancy, most severe 
disability will shift to older ages, but that mild disability will mostly expand . This scenario, 
which is expressed in the theory of a dynamic equilibrium, is graphically represented in figure 1 
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[12]. Severe disability is fully dependent on proximity to death and, consequently, with increase 
of life expectancy, the onset of severe disability equivalently shifts to older ages. Mild disability 
is fully dependent on age and, therefore, the onset of mild disability does not change as life 
expectancy increases. The years spent in severe disability did not change, whereas the years in 
mild disability expanded.  
 
The current paper aims to assess whether the theory of a dynamic equilibrium [12] provides a 
valid framework for projections of the future burden of disability. We will test the key 
assumption of this theory that the occurrence of severe disability is associated to proximity to 
death whereas the occurrence of mild disability is not. Based on estimates of associations of 
disability with age (time since birth) and proximity to death, we will calculate to what extent the 
life-time burden of mild, moderate and severe disability will expand in the hypothetical case of a 
ten year increase of lifespan.  
 
METHODS 
Study population 
We used data from the GLOBE study, a prospective cohort study investigating the explanation of 
inequalities in health in the Netherlands [13]. The study comprised a baseline postal survey in 
1991, conducted among a stratified random sample of 27,070 inhabitants of the city of 
Eindhoven (40%) and surrounding municipalities (60%). The age range was set at 15-74 years 
with overrepresentation of 45 years and older. Institutionalized persons were excluded in 
Eindhoven but not in the surrounding municipalities. The response to the baseline questionnaire 
was 70.1% (n=18,973).  
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A subsample (n=3,968) of the initial cohort was invited for an oral interview and received annual 
follow-up questionnaires until 1997 (except for 1996). The subsample overrepresented subjects 
suffering from asthma/chronic obstructive pulmonary disease (COPD), heart disease and 
diabetes mellitus. The response to the oral interview was 72.2% (n=2,867). All analyses in the 
current paper were based on data from the subsample. 
    
The mean age of the sub sample at baseline was 52.6 years and 34% of the subjects had mild, 
moderate or severe ADL disability. At the moment of the last administrative follow-up in 2004, 
16% of the sample had died. Among subjects being ADL disabled at baseline this was 26% 
compared to 11% among non-disabled subjects.  
  
Attrition and item non response  
The maximal number of questionnaires that could have been obtained during follow up of the 
GLOBE subsample was six waves time the 2,867 initial respondents = 17,202 questionnaires. 
However, 3,337 questionnaires were not returned during follow-up, leaving a total of 13,865 
questionnaires.  
 
Among questionnaires that were returned, 572 had incomplete data on ADL disability. 
Information was missing for only one item of ADL disability in 226 cases. In these cases, we 
imputed the missing item with the value of the preceding year or (for 1991) the next year. In total 
13,519 questionnaires with information on ADL disability were available.  
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Disability measure 
Disability was measured by means of 10 ADL items. The items were ‘walking down/up stairs, 
moving outdoors, leaving/entering house, sitting down/getting up from chair, moving on same 
floor, getting in/out of bed, eating/drinking, getting (un)dressed, washing face/hands and 
washing completely’. For each item, subjects were asked whether they were able to perform the 
actions ‘without difficulty’, ‘with minor difficulty’, ‘with major difficulty’, ‘only with help’. 
Mild disability was defined as at least one item answered with ‘with minor difficulty’, moderate 
disability as at least one item answered with ‘with major difficulty’ and severe disability as at 
least one item answered with ‘only with help’. Overall disability was considered as at least one 
item answered with any of these three categories. 
 
Data analysis 
The variables ‘mild disability’, ‘moderate disability’, ‘severe disability’, ‘overall disability’ and 
‘proximity to death’ were created for the six waves of data collection separately. The four 
disability variables indicated whether mild, moderate, severe and overall disability was reported 
at the time the data were collected. ‘Proximity to death’ was calculated as the difference between 
the moment of death, available from linkage to population registers, and the moment of the 
survey. Information on age and sex was obtained from the baseline survey. 
 
For all statistical analysis, Stata 10.0 was used. Generalized Estimating Equations (GEE) models 
were used to account for the interdependence of observations from one individual and logistic 
regression analyses were applied. Regression models were fitted including ‘age’ and ‘proximity 
to death’. The models were adjusted for sex and overall, mild, moderate and severe disability 
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prevalence were used as dependent variables. The wald chi square value was used as an indicator 
of goodness of fit. 
 
A dichotomous variable was added to the models indicating whether or not subjects had died 
during follow-up, and to capture differences in disability between those who died and those who 
survived until the end of follow-up. Consequently, the relationship of disability to proximity to 
death could be estimated only from subjects who died during follow-up.  
 
Using the different regression models, we estimated age-specific prevalence rates for mild, 
moderate, severe and overall (sum of mild, moderate and severe) disability for life spans of 75 
and 85 years. The age-specific prevalence rates were summed to estimate the total number of 
years that a person might expect to live with disability over a life span of 75 and 85 years 
respectively. These number of years are called Life Expectancy with Disability (LED). For both 
life spans, we also estimated the proportion of all years with disability occurring in the last and in 
the last five years of life.  
   
RESULTS 
Table 1 shows increases of the prevalence of overall, mild, moderate and severe ADL disability 
per year of age and per year closer to death, as well as the goodness of fit of the models.  The 
raise of the prevalence of disability per year closer to death incrementally increased from -2.42 
for mild disability to 12.04 for moderate disability to 18.79 for severe disability. The association 
of mild disability with proximity to death was not significant. The goodness of fit of the models 
increased with the level of severity from 152 for mild disability to 215 for severe disability. 
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 Table 2 shows calculated LEDs for mild, moderate and severe disability for lifespans of 75 and 
85 years and percentages during the last and last five years of life, based on the respective 
regression models. A ten year increase in life span resulted in 4.6 extra years in mild disability, 
0.7 extra years in moderate disability and 0.9 extra years in severe disability.  
 
Percentages of LED occurring in the last year of life ranged from 1.4% for mild disability to 
12.6% for moderate disability to 23.6% for severe disability, for life spans of 75 years. Increase 
of life span did not strongly affect these percentages. The percentages of LED occurring in the 
last five years of life showed a similar pattern but were higher.    
 
Figure 2 visually represents the calculated prevalence of mild, moderate, severe disability for life 
spans of 75 and 85 years. Increase of life span resulted in a strong shift of the burden of disability 
to older ages, especially for moderate and severe disability. 13% of LED mild was spent during 
the 10 years that were gained, as compared to 75% and 94% for LED moderate and LED severe 
respectively. Age specific prevalences of disability at younger ages generally declined.  
 
DISCUSSION 
Summary of results 
Based on our results, the hypothesis that the occurrence of severe disability is associated to 
proximity to death and the occurrence of mild disability is not, was confirmed. Based on the 
associations with age and proximity to death and assuming a ten year increase of lifespan, we 
 9
showed that mild disability greatly expanded but that moderate and severe disability showed 
much lesser expansion. Current findings support the theory of a dynamic equilibrium [12].  
 
Evaluation of data and methods 
Our data has some limitations that need proper attention. If non-response during follow-up was 
related to disability occurrence, this may have influenced the estimation of proximity to death 
parameters. To evaluate this possibility of attrition bias, we compared mortality during follow-up 
between non-responders and the rest of the study population. Age-standardized mortality among 
non-responders was 12.9% versus 16.4% among the rest of the population. The lower mortality 
ratio among non-responders could be indicative of a lower disability prevalence among this 
group. In order to evaluate whether this might have biased our estimates of proximity to death 
dependence, we compared the original regression estimates with estimates in which missing 
disability values were imputed from last available observations. The new estimates hardly 
differed from the original one. This indicates that bias related to sample attrition is probably 
small.  
 
Exclusion of part of the institutionalized population from the baseline survey could have been 
associated with a lower prevalence of disability due to exclusion of the relatively more disabled 
nursing home population. As admission to a nursing home occurs often at the end of life, 
exclusion of the institutionalized might have led to some degree of underestimation of the 
proximity to death dependence of disability, especially for moderate and severe disability.  
 
 10
The use of self-reported measures of the different levels of disability might have led to some 
information bias. This would particularly be problematic if, independent from the status of 
disability, reporting behavior was related to proximity to death. Again, especially moderate and 
severe levels of disability may have been influenced, because these levels are more likely to 
occur close to death. With the available data, these effects cannot be studied, and, as far as we 
know, no studies exist that describe such effects. One could imagine that being in the last phase 
of life could both positively (by increased relativism) and negatively (by increased pessimism) 
affect one’s perception and reporting of disability. If the latter, pessimistic tendency were to 
predominate, this could in part explain the relationship with proximity to death observed in this 
study. Nevertheless, also in view of an increases of health care costs during the last years of life 
[14-17], it seems unlikely that reporting tendencies alone would explain much of this strong 
increase in disability occurrence. 
 
In the paper in which Manton introduced his theory of a dynamic equilibrium he stated that 
slowing down the progression rate of a disease would lead to a longer life, an increasingly longer 
period spent in disease, but a relatively constant number of years spent in “highly morbid” state. 
While Manton did not define this “highly morbid” state, we applied a distinction according to the 
severity of disability. Similar distinctions have been applied by other researchers [18]. In our 
calculations, mild disability showed rapid expansion while the occurrence of moderate and 
severe disability shifted towards older ages with increase of lifespan. This shift resembles that 
trends in the ‘highly morbid state’ that Manton postulated.    
 
Comparison with past trends 
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Between 1990-2003, life expectancy has increased with approximately 1 year in females and 2.5 
years in males [19, 20].  In accordance to the theory of a dynamic equilibrium, one would expect 
an increasing life expectancy in mild disability but much smaller increases for more severe 
disability. In addition, if disability occurrence would be strongly related to proximity to death, 
one would expect increasing of life expectancy to be related to decreasing age specific disability 
prevalence rates (instead of constant prevalences; see figure 2). 
 
Although the evidence is not completely unambiguous, generally, stable or decreasing age 
specific disability prevalence rates were observed for a variety of disability indicators [6, 8]. 
Simultaneous trends of increasing life-expectancy and decreasing age specific disability rates 
were also found for the US, Japan and various European countries [6, 21-23]. Thus, evidence 
from the Netherlands as well as in other countries generally support the expectation of 
decreasing age specific prevalence rates. 
 
Studies for the Netherlands estimate that between 1989 and 2000 a gain in life expectancy in 
males from 14.3 to 15.3 years at age 65 was accompanied by an increase of years in mild 
disability from 3.7 to 6.2 years, while the number of years in moderate and severe disability 
decreased from 5.1 to 4.5 years [24]. Similar patterns were observed for females [24]. Research 
from other countries showed similar results. In the US, between 1992 and 2002, a half year gain 
in life expectancy at age 65 was accompanied with constant expectations of years in IADL and 
moderate ADL disability and a decrease of life expectancy in severe ADL disability from 2.1 to 
1.7 years [25]. In New Zealand, between 1981 and 1996, life expectancy at age 65 increased 
from 13.3 to 15.5 in males and from 17.2 to 19.0 years in women. During the same period, the 
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life expectancy with major mobility restrictions in male remained 0.8 years, but life expectancy 
with moderate mobility restrictions more than doubled from 0.7 to 1.6 years. In females, the life 
expectancy with major mobility restrictions moderately increased from 2.0 to 2.6 years, whereas 
the life expectancy with moderate mobility restrictions sharply increased from 1.2 to 2.7 years 
[26].  
 
Implications for modelling future developments in disability  
Together with evidence from past disability trends the results from the current paper provide 
empirical support to the theory of a dynamic equilibrium. This theory may provide a useful 
framework for projecting changes in disability occurrence in relationship to increases in life 
expectancy. Prediction models could connect to this framework by incorporating information on 
proximity to death. Using a proximity-to-death term would allow the modelling of a shift 
disability towards older ages when life expectancy increases. To further connect to the theory of 
a dynamic equilibrium, prediction models should distinguish for different levels of severity of 
disability.  
 
ACKNOWLEDGEMENT 
This study was part of the project ‘Living longer in good health’ which was financially supported 
by Netspar.  
 
REFERENCES 
[1] Beer Jd. Future trends in life expectancies in the european union. The Hague, The 
Netherlands: NIDI; 2006. 
 13
[2] Wilmoth JR. Demography of longevity: past, present, and future trends. Exp Gerontol. 
2000 Dec;35(9-10):1111-29. 
[3] Fries JF. Aging, natural death, and the compression of morbidity. NEJM. 1980 Jul 
17;303(3):130-5. 
[4] Gruenberg E. The failure of success. Milbank Mem Fund Q Health Soc. 1977;55:3-24. 
[5] Olshansky S, Rudberg M, Carnes B, Cassel B, Brady J. Trading off longer life for 
worsening health. J Aging Health. 1991;3:194-216. 
[6] Lafortune G, Balestat G, the Disability Study Expert Group Members. OECD Health 
Working Papers No. 26 Trends in Severe Disability Among Elderly People: Assessing 
the Evidence in 12 OECD Countries and the Future Implications.; 2007. 
[7] Doblhammer G, Ziegler U. Future Elderly Living Conditions in Europe: Demographic 
Insights. In: Backes G, Lasch V, K R, eds. Gender, Health and Ageing: VS Verlag für 
Sozialwissenschaften 2006:267-92. 
[8] Picavet HS, Hoeymans N. Physical disability in The Netherlands: prevalence, risk groups 
and time trends. Public Health. 2002 Jul;116(4):231-7. 
[9] Chen JH, Chan DC, Kiely DK, Morris JN, Mitchell SL. Terminal trajectories of 
functional decline in the long-term care setting. J Gerontol A Biol Sci Med Sci. 2007 
May;62(5):531-6. 
[10] Covinsky KE, Eng C, Lui LY, Sands LP, Yaffe K. The last 2 years of life: functional 
trajectories of frail older people. J Am Geriatr Soc. 2003 Apr;51(4):492-8. 
[11] Guralnik JM, LaCroix AZ, Branch LG, Kasl SV, Wallace RB. Morbidity and disability in 
older persons in the years prior to death. Am J Public Health. 1991 Apr;81(4):443-7. 
 14
[12] Manton KG. Changing concepts of morbidity and mortality in the elderly population. 
Milbank Mem Fund Q Health Soc. 1982 Spring;60(2):183-244. 
[13] Mackenbach JP, van de Mheen H, Stronks K. A prospective cohort study investigating 
the explanation of socio-economic inequalities in health in The Netherlands. Soc Sci 
Med. 1994 Jan;38(2):299-308. 
[14] Polder JJ, Barendregt JJ, van Oers H. Health care costs in the last year of life--the Dutch 
experience. Soc Sci Med. 2006 Oct;63(7):1720-31. 
[15] Seshamani M, Gray AM. A longitudinal study of the effects of age and time to death on 
hospital costs. J Health Econ. 2004 Mar;23(2):217-35. 
[16] Werblow A, Felder S, Zweifel P. Population ageing and health care expenditure: a school 
of 'red herrings'? Health Econ. 2007 Oct;16(10):1109-26. 
[17] Zweifel P, Felder S, Meiers M. Ageing of population and health care expenditure: a red 
herring? Health Econ. 1999 Sep;8(6):485-96. 
[18] Campen Cv, Iedema J, Wellink H. Gezond en wel met een beperking. The Hague: Social 
and Cultural Planning Office of the Netherlands May 2006. 
[19] Perenboom R. Neemt de gezonde levensverwachting in Nederland toe of af? In: 
Volksgezondheid Toekomst Verkenning, Nationaal Kompas Volksgezondheid.  2005  
[cited 2008 9-18]; Available from: 
http://www.rivm.nl/vtv/object_document/o2805n18839.html 
[20] Poos M. Neemt de levensverwachting toe of af? In: Volksgezondheid Toekomst 
Verkenning, Nationaal Kompas Volksgezondheid.  2007  [cited 2008 5-15]; Available 
from: http://www.rivm.nl/vtv/object_document/o2308n18838.html 
 15
[21] Manton KG, Gu X, Lamb VL. Change in chronic disability from 1982 to 2004/2005 as 
measured by long-term changes in function and health in the U.S. elderly population. 
Proc Natl Acad Sci U S A. 2006 Nov 28;103(48):18374-9. 
[22] Sagardui-Villamor J, Guallar-Castillon P, Garcia-Ferruelo M, Banegas JR, Rodriguez-
Artalejo F. Trends in disability and disability-free life expectancy among elderly people 
in Spain: 1986-1999. J Gerontol A Biol Sci Med Sci. 2005 Aug;60(8):1028-34. 
[23] Schoeni RF, Liang J, Bennett J, Sugisawa H, Fukaya T, Kobayashi E. Trends in old-age 
functioning and disability in Japan, 1993-2002. Popul Stud (Camb). 2006 Mar;60(1):39-
53. 
[24] Perenboom RJ, Van Herten LM, Boshuizen HC, Van Den Bos GA. Trends in disability-
free life expectancy. Disabil Rehabil. 2004 Apr 8;26(7):377-86. 
[25] Cai L, Lubitz J. Was there compression of disability for older Americans from 1992 to 
2003? Demography. 2007 Aug;44(3):479-95. 
[26] Graham P, Blakely T, Davis P, Sporle A, Pearce N. Compression, expansion, or dynamic 
equilibrium? The evolution of health expectancy in New Zealand. J Epidemiol 
Community Health. 2004 Aug;58(8):659-66. 
 
 
 
 
 
 
 
 16
Table 1 
Increase of the prevalence of mild, moderate and severe ADL disability per year of age and per 
year closer to death and goodness of fit of the regression models 
  
increase with age  
(% per year with 
 95% CI)  
increase with  
proximity to death  
(% per year with 95% CI) 
goodness of fit  
(wald chi2) 
overall disability 3.86 (3.33-4.39) 9.77 (6.94-12.51) 422 
    
mild disability 2.71 (2.20-3.21) -2.42 (-5.82-0.87) 152 
    
moderate disability 3.19 (2.20-4.18) 12.04 (7.50-16.36) 182 
    
severe disability 9.45 (7.24-11.70) 18.79 (12.58-24.57) 215 
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Table 2  
Life years in mild, moderate and severe disability for life spans of 75 and 85 years and 
percentages of disability occurring the last and last five years of life 
 
 mild moderate severe total 
 
75 years lifespan 11.6 2.4 0.8 14.8 
years in disability 
85 years lifespan  16.2 3.1 1.7 21.0 
 
absolute increase 4.6 0.7 0.9 6.2 
 
     
% in last life year 75 years lifespan 1.4 12.6 23.6 4.4 
 85 years lifespan 1.3 12.0 21.3 4.5 
      
% in last five life years 75 years lifespan 7.1 50.2 75.3 17.8 
 85 years lifespan 6.4 48.9 72.7 18.0 
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Figure 1  
Effects of increasing life expectancy on LED mild and LED severe according to the theory of a 
dynamic equilibrium 
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Figure 2  
Age-specific prevalence of ADL disability by level of severity for life spans of 75 and 85 years. 
Estimates derived from regression models 
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